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Graphical Abstract
In our continuing search for bioactive natural products from Madagascar rainforests as part of the International Cooperative Biodiversity Group (ICBG) project, we have focused on the isolation of antiproliferative natural products from plant extracts collected from Madagascar forests [2, 3] . As part of the research, we selected the EtOH extracts of the roots and wood of the plant Leptaulus citroides (Cardiopteridaceae) for investigation of antiproliferative natural products, since no previous chemical work has been reported on this genus. Bioassay-guided fractionation of the roots and wood extracts yielded ethyl esters of three new triterpenoid saponins (1-3) and the known sesquiterpenoid cinnamosmolide (4) [4] . Here we report the structure elucidation of compounds 1-3 and their antiproliferative activities.
Results and Discussion
Ethyl leptauloside A (1) was obtained as an amorphous white powder. Its HRESIMS revealed a sodiated quasimolecular ion peak at m/z 1223.5806 [M ? Na] ? , corresponding to the molecular formula C 59 H 92 O 25 . Compound 1 was assigned as an olean-12-ene triterpene derivative based on its 1D and 2D NMR spectra. and C-2 00000 ), in agreement with the NMR data of related compounds [5] [6] [7] . The angeloyl group was assigned to C-22 based on the HMBC correlation between H-22 and the angeloyl carbonyl carbon. The spectroscopic data of the aglycone of 1 showed good agreement with the data of similar compounds reported previously [6] [7] [8] [9] [10] . The relative configurations of the aglycone and tetrasaccharide moiety were determined from coupling constants and ROESY correlations. The aldehyde group at C-4 was assigned the a-equatorial orientation on the basis of ROESY correlations of H 3 (Fig. 1 ). H-16 (d H 4.11, brs) was assigned a b-equatorial orientation based on its appearance as a broad singlet, indicating small coupling constants, while H-22 (d H 5.44, dd, J = 12.3, 5.6 Hz) had the b-axial orientation based on its coupling constants; these assignments were confirmed by comparison with the chemical shifts and coupling constants of related protons of apodytines A-C [8] . The relative configurations of the aglycone were supported by comparison of its 1 H and 13 C NMR data with those of assamsaponin A [10] and camelliasaponin B1 [7] .
The structure of the sugar moiety of 1 was elucidated on the bases of 
000 ), and b-xylopyranosyl (Xyl-1 0000 -5 0000 ), by comparison of their 13 C NMR data with those of apodytine B [8] , isotheasaponin B 1 [11] , and assamsaponin A [10] 
The structures and absolute configurations of the sugar moieties of 1 were confirmed by the method described by Tanaka and Kouno [12] . Compound 1 was subjected to acid hydrolysis and the resulting mixture was derivatized by treatment with L-cysteine methyl ester and o-tolylisothio- Ethyl esters of glucuronopyranosyl derivatives are unlikely to be natural products, so the ethyl ester was ? corresponded to a molecular formula of C 59 H 92 O 25 . Further comparison of 1D NMR data of 2 suggested it is an isomer of 1 with the same sugar moiety and a similar aglycone to that of 1. The only difference between 1 and 2 was the position of the angeloyl and hydroxyl groups. The angeloyl group was assigned to C-16 in 2, as indicated by the deshielded signal of H-16 (d H 5.63, brs), and the hydroxyl group was assigned to C-22 due to the more shielded signal of H-22 (d H 4.06, dd, J = 12.3, 5.6 Hz) compared to that of compound 1 [8, 11] . The aglycone of 2 was therefore elucidated as identical to that of theasaponin G 2 [13] . Compound 2 contained the same sugar moieties as 1 as shown by the essentially identical 1D NMR data of the two compounds. The structure of 2 was further confirmed by comparison of HSQC, HMBC and ROESY data with those of 1. Thus, the structure of ethyl leptauloside B (2) was determined as (Fig. 1) .
Ethyl leptauloside C (3) was obtained as an amorphous white powder. The quasi-molecular ion peak at m/z 1301. [8, 11] . Thus, the structure of ethyl leptauloside C (3) was determined as (Fig. 1) .
Compound 4 was isolated as a white solid. Its structure was assigned as shown based on comparison of its spectroscopic data with those reported in the literature [4] . Cinnamosmolide (4) has also been reported to display antifungal and a-glucosidase inhibitory activities. [14, 15] .
Compounds 1, 2, 3 and 4 were evaluated for antiproliferative activity against the A2780 human ovarian cancer cell line. Compounds 1, 2 and 4 showed IC 50 values of 2.8, 10.2, and 2.0 lM respectively, while compound 3 was inactive (IC 50 [ 20 lg/mL, inhibiting 14 % of cells growth at a concentration of 20 lg/mL) in this assay. Previous studies suggested that acylation with angeloyl groups at C-21 and C-22 can affect the biological activities of oleanane triterpenoid saponins [5, 7, 16, 17] . These results support the importance of an angeloylated 22-hydroxyl group for antiproliferative activity. The reduced activity of compound 3 compared to 2 is possibly due to the bulkiness of the 4-coumaroyl group that acylates the C-16 hydroxyl group. Open column chromatography was performed using Sephadex LH-20 and silica gel (40-63 lm, Silicycle Co. USA). HPLC was performed on a Shimadzu LC-10AT instrument with a semipreparative C18 (Phenomenex Luna column, 5 lm, 250 V10 mm), a Shimadzu SPD M10A diode array detector, and a SCL-10A system controller. All isolated compounds were purified to 95 % purity or better, as judged by HPLC (both UV and ELSD detection) before determining bioactivity.
Antiproliferative Bioassays
Antiproliferative activities were determined at Virginia Tech against the drug-sensitive A2780 human ovarian cancer cell line as previously described [19, 20] . 
Plant Material

Extraction and Isolation
A ground sample of L. citroides bark (420 g) was extracted with EtOH (1000 mL) at room temperature to yield 23.8 g of crude EtOH extract designated MG 1619, and a 5 g portion of this extract was made available to Virginia Tech for bioassay-guided isolation. Similar treatment of the wood (412 g) (1900 mL) yielded 9.8 g of extract designated MG 1620, and a 1.7 g portion of this extract was made available to Virginia Tech for bioassay-guided isolation.
Isolation of Bioactive Constituents
The EtOH extract of the root of L. citroides (MG 1619, 3 g, IC 50 = 20 lg/mL) was suspended in aqueous MeOH (MeOH-H 2 O, 9:1, 100 mL) and extracted with hexane (5 9 100 mL portions). The aqueous fraction was then diluted to 60 % MeOH and further extracted with CH 2 Cl 2 (5 9 100 mL portions) to give a CH 2 Cl 2 fraction (477 mg) with an IC 50 value of 11 lg/mL. This fraction was further subjected to size exclusion open column chromatography on Sephadex LH-20 (I.D. 9 L 3 9 50 cm) eluted with 1:1 CH 2 Cl 2 :MeOH to yield four fractions, of which the most active fraction F3 (168 mg) exhibited an IC 50 of 7.9 lg/mL. Fraction F3 was applied to a silica gel column (I.D. 9 L 3 9 50 cm, 40-63 lm) and eluted with CHCl 3 :MeOH:H 2 O, 15:6:1 to give five fractions based on TLC profile. Fractions F3-3 (22.4 mg, IC 50 = 2.5 lg/mL) and F3-4 (32.0 mg, IC 50 = 9.9 lg/mL) were combined and further separated by HPLC on a semipreparative C18 column (Phenomenex Luna column, 5 lm, 25 9 1 cm) with elution by a solvent gradient from CH 3 OH:H 2 O, 50:50 to 60:40 from 0 to 10 min, to 70:30 from 20 to 30 min, to 100:0 from 30 to 35 min, ending with 100 % CH 3 OH from 35 to 45 min. This process gave crude compounds 1 (3.4 mg, t R 22 min) and 2 (3.0 mg, t R 23 min), and compound 3 (3.0 mg, t R 26 min). Compounds 1 and 2 were each purified by HPLC on a semipreparative C18 column (Phenomenex Luna column, 5 lm, 25 9 1 cm) eluted with a same solvent gradient from CH 3 CN:H 2 O, 30:70 to 40:60 from 0 to 10 min, to 50:50 from 10 to 40 min, ending with 100 % CH 3 CN from 40 to 45 min to give purified compounds 1 (3.0 mg, t R 27 min) and 2 (2.8 mg, t R 40 min).
The EtOH extract of the wood of L. citroides (MG 1620, 1.5 g, IC 50 = 20 lg/mL) was subjected to liquid-liquid partition using same procedures described above. The active dichloromethane fraction (97 mg, IC 50 = 3.5 lg/mL) was subjected to Sephadex LH-20 (I.D. 9 L 3 9 50 cm) chromatography to give four fractions. The active fraction F-4b (57.5 mg, IC 50 = 2.1 lg/mL) was then subjected to open silica gel column (I.D. 9 L 3 9 50 cm, 40-63 lm) eluted 
Ethyl leptauloside
A (1) 3-O-{ethyl [b-D- galactopyranosyl-(1 ? 2)][-b-D-xylopyranosyl- (1 ? 2)-b-D-xylopyranosyl-(1 ? 3)]-b-D- glucopyranosiduronate}-(3b,4.7 Ethyl leptauloside B (2) 3-O-{ethyl [b-D- galactopyranosyl-(1 ? 2)][-b-D-xylopyranosyl- (1 ? 2)-b-D-xylopyranosyl-(1 ? 3)]-b-D- glucopyranosiduronate}-(3b,4a,16a,22a)-22,28- dihydroxy-16-{[(2Z)-2-methyl-1-oxo-2-buten-1- yl]oxy}
Ethyl leptauloside C (
3) 3-O-{ethyl [b-D- galactopyranosyl-(1 ? 2)][-b-D-xylopyranosyl- (1 ? 2)-b-D-xylopyranosyl-(1 ? 3)]-b-D- glucopyranosiduronate}-(3b,
